The laryngohyoid complex, composed of the hyoid bone and laryngeal cartilages, can be of interest in the autopsy setting, particularly when injuries are observed. Analysis of trauma to this structure can assist in establishing cause and manner of death. In many situations, the forensic anthropologist, with their expertise in analyzing bone and cartilage trauma, can assist in analyzing trauma to this complex. Although researchers have tried to study the relationships between causes of trauma to the osseocartilaginous structure and the observed injury pattern, they have not been successful in identifying unique signatures associated with different causes of trauma. This is because different causes can result in the same or similar injury patterns. In addition, variation due to growth and development or due to remote injury may change the structure's biomechanical response. The goal of this paper is to address issues that a forensic pathologist may encounter when assessing potential trauma to the osseocartilaginous structures of the laryngohyoid complex; in particular, it focuses on anatomical variants and trauma resulting from various causes. Acad Forensic Pathol. 2016 6(3): 486-498 
INTRODUCTION
Neck trauma observed during an autopsy typically requires closer examination of the laryngohyoid complex. Such trauma can be the result of a variety of actions including violence, therapeutic interventions, accidents, or postmortem processing. These cases include all types of manners where trauma is caused by direct pressure to the neck (e.g., hanging, strangulation, sharp/blunt/ballistic impact to the neck) or indirect pressure from causes like blunt force trauma (e.g., falls, assault, explosion), or sharp force trauma or ballistic trauma to the head, which can cause hyperextension of the neck with subsequent injury to the laryngohyoid complex (1) . Although the laryngohyoid complex is well studied in terms of types and locations of injuries, there is a lack of information regarding the forces needed to cause injury to these structures. There are several reasons for this paucity including variations in morphology, biomechanics, and external forces applied. Fractures of the complex may not directly relate to the cause of death; however, it should be considered carefully when other mechanisms are also involved (1) . Understanding the anatomy and variations present in the human laryngohyoid complex is valuable when assessing cause and manner of death. As such, this section provides a brief description of anatomy, anatomical variants, and various types of mechanisms leading to trauma that can assist a forensic pathologist in assessing cause and manner of death from the osseocartilaginous structures of the laryngohyoid complex.
DISCUSSION

Anatomy and Development
The laryngohyoid complex is comprised of two structures: the hyoid bone and the cartilaginous larynx (i.e., "voice box"). The hyoid bone makes up the superior boundary of the complex and is located near the base of the mandible, anterior to the cervical spine. The cricoid cartilage of the larynx forms the inferior boundary of the complex. The hyoid bone and larynx are bound together by three ligaments: the thyrohyoid membrane and two lateral thyrohyoid ligaments (2) .
Hyoid
The hyoid is a U-shaped bone located at the base of the mandible. It is suspended by the styloid processes of the temporal bone through the stylohyoid ligament (2). The hyoid functions as an attachment site for lingual, pharyngeal, and anterior neck muscles (3) . It is composed of five segments: one quadrilateral-shaped central body; two long, tapered greater horns (cornu major); and, two short, tapered lesser horns (cornu minor) (2, 4) . The greater horns articulate with the superolateral surfaces of the body and form a synchondrosis (Image 1). This synchondrosis may be mistaken for a fracture in radiographs (5) (Image 2). The lesser horns are small bones or cartilages that articulate on the superior aspect of the synchondrosis on each side of the body (3). There are two groups of muscles that insert into the hyoid: the suprahyoid and infrahyoid (6) . The suprahyoid muscles include the mylohyoid, geniohyoid, stylohyoid, and digastric muscles. The infrahyoid muscles include the sternohyoid, omohyoid, sternothyroid, and thyrohyoid muscles.
Embryologically, the hyoid develops from the second and third branchial arches (3) . By the end of the embryonic period, all segments of the hyoid are present in their cartilaginous form. The body and greater horns can begin ossifying as early as 30 weeks gestation; however, the lesser horns do not ossify until puberty (7) . Although the tendency is for the segments to fuse with increasing age, the fusion rates and patterns are highly variable (8) (9) (10) . Sexual dimorphism has been noted in the shape and size of the bone, with females having smaller hyoid bones with wider angles (11) (12) (13) . The degree of fusion in addition to the overall shape has been suggested to be a factor in fracture risk. In a study of 20 hyoid bones, primarily from females, Pollanen and Chiasson found that longer and more steeply sloped hyoid bones were more susceptible to fracture (14) . This is in agreement with Mukhopadhyay, who did a prospective study of 100 cases of hanging and found that longer and wider hyoid bones were more susceptible to fracture (15) .
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Larynx
The larynx is located anterior to the third through sixth cervical vertebrae. It is composed of cartilages, ligamentous membranes, and muscles that are situated below the hyoid bone and above the trachea (3). Together, these structures work to facilitate breathing and sound production. The intrinsic muscles of the larynx include the cricothyroid, posterior cricoarytenoid, lateral cricoarytenoid, thyroarytenoid, transverse arytenoid, oblique artenoid, and vocalis muscles (6) . In addition to the muscles, there are nine cartilages (paired and unpaired) that form the larynx. 
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Viewed anteriorly, the thyroid cartilage is the largest laryngeal cartilage (Image 3). It has two laminae (dextra/sinistra) that are fused at the laryngeal prominence ("Adam's apple"), two superior horns (cornu superior) that extend from the superolateral margins of each laminae, and two inferior horns (cornu inferior) that extend from the inferolateral margins of each laminae. Inferior to the thyroid cartilage is the cricoid cartilage, a signet ring-shaped structure (Images 3 and 4). The two cartilages are connected via the cricothyroid membrane. The wider portion of the cricoid-the lamina-is located posteriorly while the narrow portion, the arch, is located anteriorly.
The seven remaining laryngeal cartilages are best viewed from the posterior. The arytenoid cartilages are paired pyramid-shaped structures situated on the posterosuperior laminae of the cricoid cartilage. The paired corniculate cartilages are two small conical structures located at the apex of the arytenoid cartilages. The cuneiform cartilages are small, paired elongated structures that connect the arytenoid cartilage to the epiglottis. Finally, the epiglottis is a leaf-shaped cartilage that is connected to the thyroid cartilage by the thyroepiglottic ligament and to the hyoid by the hyoepiglottic ligament. In terms of trauma analysis, the arytenoid cartilages, cuneiform cartilages, and epiglottis are less important, likely due to their lack of susceptibility to fracture (4). 
Embryologically, the laryngeal structures form from the 4th and 6th pharyngeal arches. This chondrification begins at the eighth embryonic week and by the end of the second trimester, they have acquired their neonatal form (3) . Age-related ossification of the thyroid and cricoid cartilages has been well studied; however, the variation in ossification rates precludes this method as a good means of estimating age (16) . A study done by Bockholdt et al. using 120 thyroid cartilages showed that high rates of fracture are observed in cases where ossification is incomplete while completely ossified cartilages had no macroscopic injuries (17) . The same study demonstrated that in an isolated thyroid cartilage, the mean weight that a superior horn can sustain before fracturing is 3 kg (force = 28.5 N). In a study of 28 cases where the decedent was under the age of 18 years, Verma found seven cases of fractures, five cases of thyroid horn fractures, and two cases of hyoid bone fracture (18) . Injuries in both bone and cartilage were not found in any of the cases.
Anatomical Anomalies
Anomalous laryngohyoid structures can result in erroneous diagnosis of trauma, whether acute or remote. The practitioner should be aware of what anomalies exist and how they may potentially affect normal functioning as well as trauma analysis.
Hyoid Anomalies
Anomalies of the hyoid bone involving differential development of the greater and lesser horns can result in the asymmetrical development of greater horns (8, 19) or agenesis of the lesser horn (8, 19, 20) . Atypical morphology can even include differences in shape of the hyoid bone. Klovning and Yursik reported on a nearly circumferential hyoid bone from a 28-yearold male who was difficult to intubate (21) . Osseous extensions, possibly resulting from Eagle Syndrome (ossification of the stylohyoid ligament) or from unknown etiology, have also been reported (19, 20) . Practitioners should be aware of such anomalies as they can affect not only medical intervention, but also medicolegal death investigations.
Laryngeal Anomalies
The presence of triticeal cartilages has been noted in studies addressing variations in the larynx. These cartilages are located within the thyrohyoid ligament, which connects the distal end of the greater horn of the hyoid and the superior thyroid horns. Di Nunno et al. noted that 30% of examined cases had the presence of unilateral or bilateral triticeal cartilages and Naimo et al. found it in 23% of examined cases (8, 22) . When palpated, these cartilaginous bodies can appear to be a fractured superior thyroid horns (Image 5). Careful dissection is needed to investigate this finding. Sometimes abnormal congenital defects can result where the greater hyoid horn and superior thyroid horn become disconnected. An ossified hyothryoideal bridge may then be found later on in life (4). Congenital malformations can also affect the larynx. The presence of a laryngeal cleft, an opening along the posterior region of the larynx extending anywhere from the pharynx to the trachea, have been reported in individuals; however, the presence of the cleft anteriorly, suggests a history of neck trauma (19) . Differential development of the superior thyroid horns that result in unilateral or bilateral agenesis have also been observed (19, 22, 23) 
Trauma
Neck injuries observed in autopsy cases are typically the result of blunt force injuries due to sharp force trauma (24) , athletic activities (25, 26) , hanging (27, 28) , falls from variable heights (29) , vomiting (30) , and strangulation (13) . It is the purview of the forensic pathologist to determine the cause of death. The problem with this determination is that these closely tethered structures are subject to similar patterns of injury when different mechanisms are used. To further complicate matters, the incidence of hard tissue injury associated with a mechanism has been variably reported, therefore, making it difficult for the practitioner to interpret certain injuries. In a study of 1930 cases autopsied including all manners of death, Dunsby and Davison found fractures in the larynx or hyoid in only 78 cases (1). Pinto and Oleske found that out of 114 cases including all manners of death, only 50% had fractures in the larynx or hyoid (31) . However, their 
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sample was biased toward cases where a suspicion of fracture resulted in additional processing and examination. DiMaio looked at all cases of homicide due to asphyxia over a three-year period (32) . He found that out of 133 cases, 48 cases were ligature deaths with 12% having laryngeal trauma and 41 cases were manual strangulation cases with over 66% of the cases having laryngeal trauma.
The main indicator of trauma in the larynx is the presence of hemorrhage. Macroscopic inspection of the neck structures allows identification of overt hemorrhage; however, several researchers have demonstrated utility in microscopic investigations as well (33) (34) (35) . Rajs and Thiblin examined histological sections from 29 adult autopsy cases with nonartifactual superior thyroid horn fractures and 19 autopsy cases with artifactual fractures and found that the presence of occult hemorrhage can be used to identify nonartifactual fractures (34). Pollanen and McAuliff examined sagittal sections from 12 thyroid cartilages subjected to strangulation and found multifocal acute hemorrhages at the base of the superior horn, suggesting that the blood vessels can be disrupted during elastic deformation (33) . Laryngeal microfractures have also been associated with intracartilaginous laryngeal hemorrhage, subepithelial laryngeal hemorrhage, and intralaryngeal muscular hemorrhage (36) . Although a useful indicator, hemorrhage is not always present, particularly in cases involving children and adolescence, due to cartilage avascularity (37) . Furthermore, some researchers have suggested that hemorrhage could be due to processing defects (37, 38) . In addition, forensic pathologists may encounter cases where soft tissue is unavailable and the only structures remaining for assessment are the osseocartilaginous structures of the larygohyoid complex. Understanding the variety of causes that can result in fractures of these structures can help the forensic pathologist whittle down the list of possible candidate causes (Table 1).
Hanging
Hanging is a condition where hyoid bone and/or laryngeal cartilage fractures have been observed. In a study of 189 cases of hanging, greater horn fractures of the hyoid bone were found in 2.7% and thyroid cartilage and superior thyroid horn fractures were found in 5.3% of cases (27) . A literature review by Khokhlov of hangings demonstrated that the superior thyroid horns are the most commonly injured structure, with fractures usually located in the base or shaft of the horn (28) . These fractures of the superior horn have a unilateral higher occurrence. Laminae were not typically injured in cases of hanging. The review also reported that cricoid fractures are unusual for hanging. In a retrospective study of 557 cases of suicidal hangings, Nikolić et al. found that the osseocartilaginous structures of the layrngohyoid complex were injured in approximately half the cases (39) . Out of the injured cases, 45% had thyroid-only injuries, 26% had 
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hyoid-only injuries, and 27% had both structures injured. These injuries were primarily seen in individual older than 30 years of age.
Strangulation
The majority of strangulation cases are homicidal in manner and they typically present with injuries to the largyngohyoid complex (Image 6). In an experimenImage 6: Fractured thyroid and cricoid cartilages from a homicide case involving asphyxia with neck compression. The black arrows indicate the fractured left superior thyroid horn and left anterior arch of the cricoid cartilage.
INVITED REVIEW
tal study simulating manual strangulation, LebretonChakour et al. found that a majority of the fractures were observed in the hyoid bone, at the synchondrosis or on the greater horns (13) . In a small percentage of specimens, they observed a fracture through the body. They found that the grip strength of a healthy man or woman is sufficient to generate a fracture by direct contact. However, the reader should take note that this study was done with the hyoid bone embedded in resin; therefore, these results reflect the amount of force needed to fracture the hyoid bone only. When surrounded by muscle and other soft tissue, a greater force may be needed. Godin et al. did a retrospective study of 287 cases of suicidal hangings, homicidal hangings, and homicidal strangulations and compared their results to 21 published studies totaling 2700 suicidal hanging cases (40) . They found that cricoid fractures were only observed in homicide strangulations (5-20%) and are therefore a potential indicator of homicide. Only one case out of the 2700 suicidal cases in the literature had a report of a cricoid fracture. Injuries due to homicides also tend to be more extensive, with the presence of more fractures and hemorrhage (41) . The problem that a forensic pathologist may encounter is differentiating whether the osseocartilaginous injuries of the larygohyoid complex are consistent with hanging or with strangulation. Without other supporting evidence from surrounding soft tissue, this differentiation may not be possible. Caution is needed when relying solely on interpreting trauma to this structure when trying to establish a cause of death.
Falls
Fractures due to falls can complicate matters when assessing cause and manner of death because such injuries may raise suspicion of nonaccidental inflicted trauma. Furthermore, in cases of falls, fractures occur at a lower frequency than in cases of hanging or strangulation and therefore, are not necessarily associated with this mechanism. Laryngohyoid fractures due to falls can result from low heights (i.e., less than 3 m) (1, 29, 42, 43) , as well as from high heights greater than 3 m (1, 44). These fractures can be unilateral or bilateral and involve the hyoid bone and thyroid cartilage; however, the incidence of both structures being involved is low.
Athletic Activities
Fractures due to athletic activities are rare. Cutuk et al. report on two football players who sustained hyoid bone fractures resulting from direct impact to the anterior neck (25) . Others have also reported similar injuries in lacrosse players, also due to direct impact (26, 45) .
Miscellaneous
Hyoid bone fracture has been reported to possibly be associated with self-induced vomiting (30) and therapeutic intervention (19, 46) . Hashimoto et al. state that fractures of the inferior thyroid horns are seen more commonly in resuscitation attempts (46) .
CONCLUSION
Interpreting injuries to the osseocartilaginous structures of the laryngohyoid complex can be complicated. Anatomical variants not typically observed in the general population may result in an erroneous assessment of trauma. In addition, different causes of trauma may result in the same or similar pattern of injury, primarily because the basic mechanism is the same. The forensic pathologist must be aware of these confounding issues and should use all the information available from the surrounding soft tissue as well as the circumstances of the case when assessing the cause and manner of death.
